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OPTICAL AMPLIFIER AND AN OPTICAL 
AMPLIFICATION METHOD 

This application is a divisional of Scr. No. 09/499,731, 
filed Feb. 8, 2000, now U.S. Pat. No. 6304;J71 which is a 
divisional of Ser. No. 08/828456 filed Mar. 31, 1997, now 
U.S. Pat. No. 6,118;576. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an optical amplifier. In particular, 
it relates to an optical amplifier that has a function for 
monitoring an input light level. 

2. Description of the Related Art 

The amount of infonnation sent and received via net- 
wodcs is increasing rapidly. In addition, as the information 
becomes more international in character, the importance of 
long-range commimications is rapidly increasing. In tMs 
kind of long-range transmission, particularly when a large 
amount of information is transmitted, optical fiber cables are 
used. However, when signals are transmitted via optical 
fibers, as the transmission distance increases, the signal is 
attenuated. For this reason, in long-distance optical 
transmission, relay nodes containing optical amplifiers are 
normally installed at specified intervals. The signal light is 
amplified at each node and then sent to the next node. 

A number of types of optical amplifier have been devel- 
oped. One of the types is the optical fiber amplifier. In 
particular, in the 1550 nm band, optical amplifiers using rare 
earth-doped optical fiber, into which rare earth elements 
such as erbium have been doped, are widely used. In a rare 
earth-doped optical fiber, the rare earth elements are excited 
by excitation light which is input apart from the signal light, 
and the sigual light passing through the optical fiber is 
amplified by the exdtatioii energy. 

Some optical amplifiers have a mechanism to monitor the 
input light leveL That is to say, the input light level is 
monitored and, i^etber or not its level drops below a 
thre^old level is monitored. Conceivable reasons why the 
input light level might drop below the threshold include: (1) 
L^t is not being output from the sending side, or is not 
arriving for some reason, such as the optical fibers are 
broken, (2) Although light is being output firom the sending 
side, that light does not include a signal that contains 
information to be transmitted. 

Thus, since, if light or a signal is not being transmitted, it 
is not necessary for the optical amplifier to amplify anything, 
the excitation light that excites the rare earth elements is 
stopped. This unit composition conserves the power used to 
drive the light source (normally a laser) that outputs the 
excitation lighL In addition, since the amplification action 
inevitably generates noise, stopping the amplification action 
prevents the optical amplifier itself £rom becoming a noise 
source. 

In an optical conununication system that uses optical 
amplifiers, the noise that is generated in the difEerent ampli- 
fiers accumulates. For this reason, in particular in a trans- 
mission area where many optical amplMers are connected in 
series, it is necessary to suppress the amount of noise 
generated in each optical amplifier as mudi as possible. The 
amount f noise generated in an optical amplifier is 
expressed as the S/N (signal-to-noise ratio) of the output 
light relative to the S/N of the input signal, and is called the 
noise index. 

In an optical amplifier having the above composition, the 
mechaiiism that monitors the input light level is one of the 
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causes that prevents the noise level firom being reduced. That 
is to say, in order to monitor the input light level, normally 
an optical splitter, for example, is used to branch off part of 
the input light; then the level of this branched-off part of the 
5 input light is detected by, for example, a photodiode, and the 
input light level is computed. For this reason, part of the 
input light is lost withoiU being transmitted to the output 
side, causing the noise index to become worse. In particular, 
for example, if the transmission path on the input side is 
10 long, when the input light level is low, in order to measure 
that light level accurately, the amount of light that is 
branched off to the photodiode side must be kept at or above 
a certain fixed level, thereby decreasing the amount of light 
that is actually amplified for transmissicn and making the 
15 noise index even worse. 

In order to deal with this problem, a configuration in 
which the input light level would be monitored indirectly 
has been proposed. That is to say, when the input light 
includes a signal, the input light is amplified while the 
20 excitation light power used to excite the rare earth elements 
is held fixed; the output light is branched o£^ and the level 
of the branched light is measured to compute the input light 
level. However; in this configuration, if the excitation light 
is stopped to conserve power when the ii^ut light does not 
^ include a signal, the input light is passing through an optical 
fiber which contains unexcited rare earth elements, in which 
case the attenuation (loss) will be large. For this reason, 
when the input light switches from not containing a signal to 
containing a signal, there is a danger that the monitoring 
^ medianisn on the output side of the optical amplifier will 
not be able to detect that change of condition. In this case, 
the excitation light is not output and the input light cannot 
be amplified. Consequently, in a configuration in which the 
input level is indirectly monitored by measuring the level of 
^ light output from the optical amplifier, it is necessary to 
constantly supply excitation light to the rare earth-doped 
optical fibers, preventing power firom being conserved. 

SUMMARY OF TOE INVENTION 

^ The aim of this invention is to provide an optical amplifier 
in which both power consumption and noise are low. 

The optical anotplifier of this invention is configured so as 
to control an amplification action depending on the iiiput 

^ light level. It has an input monitor and first and second 
optical fiber amplifiers. The input monitor monitors the input 
light level. The first optical fiber aiiiplifier is provided on the 
input side of the input monitor and amplifies the input light 
with a gain more than enough to compensate for the loss due 

^ to the input monitor. The second optical fiber amplifier is 
provided on the output side of the input monitor; it amplifies 
and then outputs light that has passed through the input 
monitor. The first and second optical fiber amplifiers both 
consist of optical fibers doped with rare earth elements. 

55 The optical amplifier of this invention can be configured 
so as to additionally include a light source that supplies 
excitation light to the first and second optical fiber 
amplifiers, and a light source control unit which either stops 
the light source or reduces the output of that light source 

^ when the input light level detected by the input monitor is 
lower than a preset threshold value. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FIG. 1 is a diagram explaining the principle of this 
65 invention. 

FIG. 2 is a schematic diagram of a configuration of an 
optical amplifier that is one embodiment of this invention. 
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FIG. 3 is a graph showing the states of the ii^ut light level 
and the laser light source. 

FIG. 4A is a graph showing the dependence on length of 
the gain of the rare earth-doped optical fiber. 

FIG. 4B is a graph showing the dependence on input light ^ 
level of the gain of the rare earth-doped optical fiber. 

FIG. 5 is a block diagram showing one example of a 
system configuration in which the optical amplifier of this 
configuration is used. 

FIG. 6 is a detailed block diagram of the control circuit. 

FIG. 7 is a diagram explaining the control circuit action. 

FIG. 8 is a diagram explaining changes of the state of the 
optical amplifier. 

FIG. 9 is a schematic diagram showing a configuration of 
an exanople of a modification of the optical amplifier of this 
embodiment (No. 1). 

FIG. 10 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of ^ 
this embodiment (No. 2). 

FIG. 11 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 3). 

FIG. 12 is a schematic diagram showing a configuration 25 
of an example of a modification of the optical amplifier of 
this embodiment (No. 4). 

FIG. 13 is a schematic diagram ^wing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 5). 30 

FIG. 14 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 6). 

FIG. 15 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 7). 

FIG. 16 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 8). ^ 

FIG. 17 is a schematic diagram showing a configuration 
of an example of a modification of the optical amplifier of 
this embodiment (No. 9). 

DETAILED DESCRIPTION OF TOE 

INVENTION ^ 

FIG. 1 is a diagram showing the configuration of the 
principle of the optical amplifier of this invention. The 
optical amplifier of this invention is required to be con- 
structed so that the amplification action is controlled in 50 
accordance with the input light leveL 

The input monitor unit 1 monitors the input light level to 
this optical amplifier. The input monitor 1 branches off part 
of the input light and then computes the light level of the 
input light from the measured level of that branched-off 55 
portion of the input light, so that a certain amount of loss 
occurs. 

The first optical fiber amplifier 2 consists o^ for example, 
a rare earth-doped optical fiber. It is located on the input side 
of the input monitor unit 1» and amplifies the input light with 60 
a gain that is greater than the loss due to the input monitor 
unit 1. The first optical fiber amplifier 2 is an optical 
amplifier for the purpose of compensating for the loss that 
occurs in the input monitor unit 1. The second optical fiber 
amplifier 3 consists of, for example, a rare earth-doped 65 
optical fiber; it is located on the output side of the input 
monitor unit 1, and amplifies and then outputs the light that 
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has passed through the input monitor unit 1. The second 
optical fiber amplifier 3 is an optical amplifier for the 
purpose of amplifying the output light to the desired level. 

In the above configuration, the input light level can be 
monitored without causing loss on the input side of the 
second optical fiber amplifier 3. 

In the above optical amplifier, there is (1) a light source 
that supplies excitation light to the first optical fiber ampli- 
fier 2 and the second optical fiber amplifier 3, and (2) a light 
source control unit that halts or reduces the output from the 
light source when the input light level detected by the input 
monitor unit 1 is lower than a preset threshold value. This 
keeps the loss in the first optical fiber amplifier 2 less than 
the difference between the minimimi light level prescribed 
for the system in which this optical amplifier is installed and 
the minimum light level that can be detected by the input 
monitor unit 1 wbok excitation light is not being supplied. 

In this configuration, even when excitation light is not 
being supplied to the first optical fiber amplifier 2, if the 
input light level is equal to or greater than the minimum light 
level prescribed for the system in which this optical ampli- 
fier is installed, the input monitor unit 1 can detect the iapat 
light level. 

Now an embodiment of this invention will be explained. 
The optical amplifier of this embodiment is constructed so 
that input light is amplified using an optical fiber amplifier, 
excitation light supplied to the optical fiber amplifier is 
controlled to obtain light of the desired power. We discuss a 
rare earth-doped optical fiber as one form of an optical fiber 
amplifier. In addition, this optical amplifier has a function 
which monitors the input light level, and, when that input 
light level falls below a threshold value, judges that the input 
light does not contam a signal (or that light is not being 
transmitted to the amplifier) and halts (or reduces) the 
excitation light to conserve electric power. 

FIG. 2 is a diagram of the configuration of the optical 
amplifier of one embodiment of this invention. In FIG. 2, the 
''X'* marks show locations where optical fibers are fused 
together. It is also possible to use optical connectors or lens 
couplers to guide Uie light firom one optical fiber to another 
instead of fusing the optical fibers together. An optical 
amplifier of this embodiment could, for example, be 
installed in a system wfaidi uses light in the 1550 nm band 
to transmit signals. 

The rare earth-doped optical fibers U and 12 are optical 
fibers into which a rare earth substance such as erbium has 
been doped. When excitation light is supplied from the laser 
H^t source 13 to the rare earth-doped optical fibers 11 and 
12, the doped rare earth substance undergoes inverted exci- 
tation and enters an excited state. When signal light passes 
through the rare earth-doped optical fibers 11 or 12 in this 
excited state, that signal light is amplified by the excitation 
energy. The rare earth-doped optical fiber 11 is an optical 
amplifier for the purpose of compensating for the loss that 
occurs in the mechanism that monitors the input light level. 
The rare earth-doped optical fiber 12 is an optical amplifier 
for the purpose of amplifying the output light to the desired 
level. 

The laser light source 13 is, for example, a laser diode in 
the 980 nm band or the 1480 nm band (shown as LD in FI G. 
2). The output power of the laser light source 13 is controlled 
by the control circuit 19. The excitation light output by the 
laser light source 13 is wave-guided by the optical coupler 
14 and supplied to the rare earth-doped optical fiber 12. The 
optical coupler 14 is, for example, a fiber type or multilayer 
induction film WDM coupler (a wavelength division mul- 
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tiplexing coupler). It couples waves in the 980 nm band and 
the 1550 nm band, or in the 1480 nm band and the 1550 nm 
band. After this excitation light passes through the rare 
earth-doped optical fiber 12, it passes through the splitter 15 
and is supplied to the rare earth-doped optical fiber 11. s 

The splitter 15 branches part of the input light (signal 
light) off to the photodiode 16 so that the input light level can 
be monitored. The splitter 15 can consist o^ for example, an 
optical coupler or a beam splitter. The branching ratio of the 
splitter 15 is, for example, 10:1. The photodiode 16 receives ^0 
the part of the input light that is brandied off by the splitter 
15 and converts the light level into an electrical signal which 
is input to the control circuit 19. 

Hie splitter 17 branches off part of the output light (signal 
light) to the photodiode 18 in order to monitor the output ^ 
light level. The splitter 17, like the splitter 15, can consist o^ 
for example, an optical coupler or a beam splitter. The 
photodiode 18 receives the part of the output light brandied 
off by the flitter 17, then converts that light level into an 
electrical signal and inputs it to the control circuit 19. ^ 

The control circuit 19 judges the input light level based on 
the electrical signal received from the photodiode 16, and 
judges the output light level based on the electrical signal 
received firom the photodiode 18. The control circuit 19 
controls the laser light source 13 based on the measured 
input light level and output light level. That is to say, when 
the input light level is higher than a certain preset threshold 
value, the control circuit 19 drives the laser light source 13 
causing the laser light source 13 to output excitation light. At ^ 
this time, the rare earth-doped optical fibers 11 and 12 
amplify the input light. On the other hand, when the input 
light level falls below the threshold level, the control circuit 
19 stops driving the laser light source 13 (or drives it at a 
lower level). In addition, the control circuit 19 holds the 
ulput light level constant, for example, by means of an ALC 
(Automatic Level Control) fimction. 

Normally, the optical level (intensity) of the transmitted 
light is higher when it contains a signal than when it does not 
contain a signaL The ''threshold level" mentioned above is ^ 
a reference level for the puipose of judging Aether the 
input light received in the input section of the optical 
amplifier contains a signal or not This reference level can, 
for example, be preset according to the length of the input 
side light transmission path. 

The connectors 20a and 20b are optical connectors which 
connect the light transmission paths on the input and output 
sides, respectively, to the optical amplifier of this embodi- 
ment The optical isolators 21a and 21b are installed to 
prevent the optical amplifier firom oscillating or going into 50 
unstable operation due to reflections in the oonnectois 20a 
and 206. 

Short optical fibers are used for the respective connections 
between the connector 20a and the optical isolator 21a, 
between the optical isolator 21a and the rare earth-doped 55 
optical fiber 11, between the rare earth-doped optical fiber 11 
and the splitter 15, between the splitter 15 and the rare 
earth-doped optical fiber 12, between the rate earth-doped 
optical fiber 12 and the optical coupler 14, between the 
optical coupler 14 and the splitter 17, between the splitter 17 60 
and the optical isolator 216, and between the optical isolator 
21b and the connector 206. These optical fibers cannot be 
bent sharply and each optical fiber has to undergo processing 
of excess length, so, considering the problem of fitting them 
into the available space, it is desirable for the number of 65 
optical fibers that have to be installed inside the optical 
amplifier to be kept small. If, for example, among the optical 
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fibers Hsted above, the optical fibeis which are provided 
between the rare earth-doped optical fiber 11 and the rare 
earth-doped optical fiber 12 also consist of rare eaith-doped 
optical fibers, the space required for optical fibers inside the 
optical amplifier can be kept small. 

Next, the action of the optical amplifier with the above 
configuration will be explained. Signal light (input light to 
the optical amplifier) that has been transmitted via the 
optical transmission path on the input side passes through 
the optical isolator 21a and is incident on the rare earth- 
doped optical fiber 11. If excitation light 6com the laser light 
source 13 is supplied to the rare earth-doped optical fiber U, 
the signal light is amplified and output to the flitter 15. If 
excitation light firom the laser light source 13 is not being 
supplied, the signal light passes through the rare earth-doped 
optical fiber 11 miiich is not in the excited state. At this time, 
the signal lig^t is attenuated by the rare earth-doped optical 
fiber 11 instead of being amplified. 

Whether or not excitation light is supplied fix>m the laser 
light source 13 to the rare earth-doped optical fiber U is 
determined according to the input light level as described 
above. That is to say, if the input light level detected by the 
photodiode 16 is higher than the preset threshold level, it is 
judged that the input light contains a signal including 
transmitted information, and the control circuit 19 causes the 
laser light source 13 to output excitation light in order to 
amplify that input light On the other hand, if the input light 
level is k>wer than the threshold level, it is judged that the 
input light does not contain a signal to be transmitted. If the 
input light does not contain a signal, it is not necessary to 
amplify the input light, so the control circuit 19 stops driving 
the laser light source 13. The states of the input light level 
and the laser light source 13 are shown in FIG. 3. 

As described above, the optical amplifier of this embodi- 
ment has the rare earth-doped optical fiber U in front of the 
circuit that monitors the input light level (the flitter 15 and 
the photodiode 16); when the input light contains a s^nal, 
the input l^t level amplified by the rare earth-doped optical 
fiber 11 is monitored. 

Next, how the rare earth-doped optical fiber 11 is designed 
will be explained. That is to say, the ranges within which the 
gain ^en excitation light is supplied to the rare earth-doped 
optical fiber 11, and the loss when excitation light is not 
siq)plied, are set, will be explained. 

The gain of the rare earth-dope4 optical fiber U is set to 
be larger than the loss that occurs when the input light level 
is monitored. The loss that occurs when the input light level 
is monitored comes about because the input light is branched 
(for example, in the ratio 10:1) using the splitter 15. That is 
to say, the amount of light that is amplified by the rare 
earth-doped optical fiber 12 is 10/11 of the amount that there 
would be if the flitter 15 were not used, on account of the 
branching of light by the splitter 15, so that a loss of about 
0.4 dB occurs. Consequently, in this case, the rare earth- 
doped optical fiber 11 must have a gain of at least 0.4 dB, so 
that when the signal light passes through the rare earth- 
doped optical fiber 11 that light amount will be amplified by 
a factor of at teast llAO. 

In general, the gain of a rare earth-doped optical fiber 
depends on its length, if we assume that the concentration of 
the erbium that is doped into it is fixed. FIG. 4A shows the 
relation between the length of the rare earth-doped optical 
fiber and its gain. As shown in FIG. 4A, the longer the rare 
earth-doped optical fiber, the larger the gain. In addition, as 
shown in FIG. 4B, the gain per unit length of a rare 
earth-doped optical fiber is almost constant regardless of 
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changes in the input light level, as long as the input light 
level does not become too high. Consequently, if the wave- 
length of the input light to be amplified, the wavelength of 
the excitation light, and the excitation light power are 
known, the gain can be determined by adjusting the length 5 
of the rare earth-doped optical fiber. 

For example, if branching-off a part of the input light by 
the splitter 15 reduces the light level input to the rare 
earth-doped optical fiber 12 by 0.4 dB» the length of the rare 
earth-doped optical fiber 11 is adjusted so that the gain of the 
rare earth-doped optical fiber U when the excitation light is 
supplied is larger than 0.4 dB. 

Meanwhile, when excitation light is not supplied, the rare 
earth-doped optical fiber 11 does not amplify the input light, 
but rather attenuates the input light That is to say, a loss 
occurs. In general, the loss in a rare earth-doped optical fiber 
to which excitation light is not supplied is greater than the 
loss in an ordinary optical fiber, and the longer the rare 
earth-doped optical fiber, the greater the loss. Consequently, 
if the rare earth-doped optical fiber 11 is made too long in 
order to make the gain greater than a specified value when 
excitation light is supplied, then when excitation light is not 
supplied, the loss in the rare earth-doped optical fiber U will 
become large. That is to say, if the rare earth-doped optical 
fiber U is made longer than necessary, then the input light ^ 
may not be able to pass through when excitation light is not 
siqiplied. 

Here, in order to explain to what extent the loss in the rare 
earth-doped optical fiber 11 when* excitation light is not ^ 
supplied should be suppressed, we assume the configuration 
of an optical transmission system as ^own in FIG. 5. In the 
system shown in FIG. 5, an optical amplifier shown in FIG. 
2 is installed at each of the relay nodes; the minimum light 
level that must be received by each optical amplifier is 
predetermined to be, for example, -35 dBm. In other words, 
in this system, when a signal is being transmitted, if the input 
Hght level to each optical amplifier is -35 dBm or greater, 
it can be guaranteed that the U^t will be transmitted to the 
next relay node. We also assume that the photodiode 16 can ^ 
convert the light level accurately into an electrical signal if 
the light level is, for example, -50 dBm or greater. 

In the system described above, even if each optical 
amplifier receives light in the order of -35 dBm or greater, 
it would be possible to accurately moiiitor the input light 45 
level. Since the flitter 15 branches off part of the input light 
in the ratio 10:1 and the photodiode 16 receives Vn of the 
input light, the l^t level received by the photodicxle 16 is 
in the order of 10 dB less than the light level output from the 
rare earth-doped optical fiber 11. Consequently, for exanqpk, 50 
if we assume that the total loss in the connector 20a and the 
optical isolator 21a is 1 dB, and if the design must provide 
a margin of 3 dB, the loss in the rare earth-doped optical 
fiber 11 when excitation Ught is not siqyplied must be kept to 
1 dB (-35 -(-50)-10-l-3-l) or less. In other words, if the 55 
loss in the rare earth-doped optical fiber U when excitation 
light is not supplied is defined in this manner, then, even 
when excitation light is not being supplied, the input light 
level when a signal is transmitted can be reliably monitored. 
In general, as described above, the loss in a rare earth-doped 50 
optical fiber when excitation light is not supplied is propor- 
tional to its length. Consequently, in order to set the loss to 
be at or below a certain level, it is sufficient to keep the 
length of the rare earth-doped optical fiber to be at or less 
than a certain length. ^ 

The important points in designing the rare earth-doped 
optical fiber 11 are given below. 
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(1) The gain of the rare earth-doped optical fiber 11 when 
excitation light is being supplied must be greater than the 
loss that occurs when the input light level is monitored. 

(2) The loss in the rare earth-doped optical fiber 11 when 
excitation light is not being supplied must be smaller than 
the difference between the minimum light level predeter- 
mined in the system in which the optical amplifier is 
installed and the smallest light level that can be detected by 
the photodiode 16. 

If the length of the rare earth-doped optical amplifier 11 
is adjusted so that it satisfies the above two conditions, a 
minimiun limit on the length of the rare earth-doped optical 
amplifier 11 is given by (1) above and a maximum limit is 
given by (2) above. 

In the above configuration, signal light that arrives after 
being transmitted via an optical transmission path is ampli- 
fied by the rare earth-doped optical fiber 11, then is guided 
to a device (the splitter 15 and the photodiode 16)) that 
monitors the input light level. At this time, since the gain of 
the rare earth-doped optical fiber 11 is greater than the loss 
that occurs in the input light level monitoring device, the 
S/N (signal-to-noise ratio) of the input signal is not 
decreased by providing a device to monitor the input light 
level. Consequently, the noise index of the optical amplifier 
does not become worse. 

If the level of the signal light input to the rare earth-doped 
optical fiber 11 is limited to the input range shown in FIG. 
4B (the unsaturated region, or the small signal input region), 
since the gain does not vary with input light level within that 
range, the light output level of the rare earth-doped optical 
fiber 11 is proportional to the level of light input level to the 
optical amplifier. In this case, the input light level to the 
optical amplifier can be computed easily based on the output 
of the rare earth-doped optical fiber 11. In fact, since optical 
amplifiers are often installed where they will receive signal 
light that has been transmitted over a long transmission path, 
the input light level to the optical amplifier is normally 
within the unsaturated region shown in FIG. 4B. 

An optical amplifier with the configuration described 
above has two rare earth-doped optical fibers, but the 
excitation light output from a single light source (the laser 
light source 13) is supplied to both of those rare earth-doped 
optical fibers^ so the power consumption for providii^ 
excitation Ught does not become very large. 

FIG. 6 is a detailed block diagram of the control ciicuit 
19. As described above, the output Hght firom the rare 
earth-doped optical fiber 11 is branched by the splitter 15, 
and the branched-off light is converted into an electrical 
signal by the photodiode 16. Consequently, this electrical 
signal provides data that indicate the Ught level of the input 
light to the optical amplifier. The control circuit 19 writes 
data indicating the input light level received from the 
photodiode 16 into the buffer 31. The buffer 31 can be, for 
example, a voltage follower. The output fit>m the buffer 31 
is suppUed to the amplifiers 32 and 33. The amplifiers 32 and 
33 have gain Gl and gain G2, respectively. Here we assume 
G1<G2. The outputs from the amplifiers 32 and 33 are 
transferred to the Vi terminal of the comparator 36 via the 
switches 34 and 35, respectively. The switches 34 and 35 
are, for example, constructed using FETs. When the switch 
control signal that they receive is "L", they switch ON; when 
"H" is received they switch OFF. These switch control 
signals are formed based on the result of a comparison by the 
comparator 36. 

The reference voltage VI or V2 is input to the Vc temainal 
of the comparator 36, according to the states of the switches 



37 and 38. The manner in which VI and V2 arc determined 
will be described below. In addition, the switdies 37 and 38, 
like the switches 34 and 35, come ON when the switdi 
control signal "L", is received, OFF when "H" is received. 

The comparator 36 compares the voltage applied to the \^ ^ 
terminal with the voltage applied to the Vc temiinal; if the 
voltage applied to the M terminal is higher, "H" is output, 
while if the voltage applied to the Vc temainal is higher, **L" 
is output. Hie voltage applied to the Vc terminal of the 
comparator 36, that is to say the reference voltage VI or V2, W 
is the threshold level to which the input light level is 
compared. The comparator 36 outputs "H" if the input light 
level is higher than the threshold level, "L" if it is lower. The 
output of the comparator 36 is transferred to the switches 35 
and 38, and, at the same time, is inverted by the inverter. 39 
and then transferred to the switches 34 and 37. These s^als 
are the switch control signals. 

The output light torn the rare earth-doped optical fiber 12 
is branched by the splitter 17 and the branched-ofiE ligjit is 
converted into an electrical signal by the photodiode 18. ^ 
This output signal provides data indicating the light level of 
the output light &om the optical amplifier. The data indicat- 
ing this output light level are input to the laser drive circuit 
40. The laser drive circuit 40 contains a power supply, and 
determines the output voltage in accordance with the data ^ 
indicating the output light level received from the photo- 
diode 18. In the present embodiment, the laser drive circuit 
40 controls its output voltage so that the output from the 
photodiode 18 will be held constant, so that output light 
level of the optical amplifier is held constant When the ^ 
output from the comparator 36 becomes "L", the action of 
the laser drive circuit 40 stops. That is to say, if the input 
light level is below the threshold level, the laser drive circuit 
40 does not operate. 

The ou^ut from the laser drive circuit 40 is fed to the laser 
light source 13 via the switdi 41. The switch 41 is oontroUed 
by the output of the comparator 36. When "L" is received it 
switches ON; when '*H" is received it switches OFF. When 
the switch 41 is ON, the laser light source 13 outputs 
e»ntation light of a power concsponding to the output 
voltage from the laser drive circuit 40. When the switdi 41 
is OFF, the laser light source 13 is not driven, and excitation 
light is not generated. Tha is to say, if the input light level 
is higher than the threshold level, the laser light source 13 is 
driven oociesponding to the output voltage from the laser 
drive circuit 40, while if the input light level is lower than 
the threshold level, the laser light source 13 is not driven. 

Now the changes of state of an optical amplifier with the 
configuration described above, will be explained by refer- 
ring to FIG. 7 and FIG. 8. The optical amplifier of this 
embodiment switches between the normal state and the 
shutdown state. The normal state is the state in which 
excitation light is input into the rare earth-doped optical 
fibers 11 and 12, and occurs when the input light level is 55 
higher than the threshold level Meanwhile, the ^utdown 
state is the state in which exdtation light is not input to the 
rare earth-doped optical fibers 11 and 12, and occurs when 
the input light level is lower than the threshold level. 

Let us consider the case in which the input light contains 50 
a signal, with the optical amplifier in its normal state. The 
input li^t level at this time is, for example, level 1. In FIG. 
7, the input light level appears as the input voltage to the 
comparator 36. Also, to simplify the explanation, the gain 
Gl of the amplifier 32 is assumed to be "1". 55 

Level 1 is larger than the reference voltage VI, and the 
output of the comparator 36 becomes *'H". For this reason. 
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the output of the amplifier 32 is applied to the \^ terminal of 
the comparator 36, while the reference voltage VI is applied 
to the Vc terminal. Also, the laser light source 13 outputs 
excitation light. 

In the normal state described above, for example, if the 
input light ceases to contain a signal, the input light level 
drops to level 2. At this time, the output voltage of the 
photodmde 16 drops. When the input light level thus 
becomes smaller than the reference voltage VI, the output of 
the comparator 36 dianges from "H" to "L", the switches 35 
and 38 switch ON, and, at the same time, the switches 34 and 
37 switch OFF. In this state, the output voltage from buffer 
31 is applied to the \i terminal of the comparator 36 after 
being amplified by the amplifier 33 (gain G2), and compared 
to the reference voltage V2. In addition, when the output of 
the comparator 36 becomes "L", the switch 41 switches 
OFF, as a consequence of which the laser light source 13 no 
longer outputs excitation light, and the optical amplifier goes 
into the shutdown state (the non-excited state). 

In the shutdown state, the rare earth-doped optical fibers 
11 and 12 are in the non-excited state, so that when input 
light passes through the rare earth-doped optical fiber 11, 
that input light is not amplified; on the contrary, it is 
attenuated. Consequently, the input light level that is 
obtained as the output of the photodiode 16 (the output light 
level of the rare earth-doped optical fiber U) is smaller than 
in the normal state. In FIG. 7, when input light that does not 
contain a signal passes through the rare earth-doped optical 
fiber 11 to which exdtation light is not being supplied, the 
level, assuming that the ouQiut light from the rare earth- 
doped optical fiber U is amplified at the same gain as in the 
normal state (gain Gl by the amplifier 32) is expressed as 
level 4. Level 3 is the level obtained assuming that, when 
input light that contains a signal passes through the rare 
earth-doped optical fiber U to which exdtation light is not 
being supplied, the output light is amplified at the same gain 
as in the normal state (gain Gl by the amplifier 32). 

In the assumed configuration described above, when the 
input light contains a signal level 3 is detected, while when 
the input light does not contain a signal level 4 is detected. 
Here, in order to discriminate level 3 from level 4 using the 
comparator 36, it is suffident to set a threshold level that is 
intermediate between those two levels, and then judge based 
on whether the measured level is higher or lower than the 
threshold leveL However, in the configuration assumed 
above, as shown in FIG. 7, the difference between level 3 
and level 4 is small, so that there is danger that the above 
judgment will be erroneous. 

In order to solve this problem, in the optical amplifier of 
this embodiment, when the optical amplifier switches from 
the normal state to the shutdown state, the amplifier that 
amplifies the output of the photodiode 16 is switched from 
amplifier 32 to amplifier 33, so that the output of the 
photodiode 16 is an^lified at a gain G2 that is larger than the 
gain Gl which is used when the optical amplifier is in the 
normal state. As a result, as shown in FIG. 7, level 3 and 
level 4 are amplified to level 3* and level 4', respectively. If 
the output of the photodiode 16 is thus amplified, the 
difference between level 3' and level 4* is large, and it is easy 
to set the threshold level (the reference voltage V2). As 
shown in FIG. 7, the reference voltage V2 can, for example, 
be set to the same order as the reference voltage VI. 

Thus, in the optical amplifier of this embodiment, by 
increasing the gain of the amplifier in the shutdown state, the 
sensitivity of the photodiode 16 is essentially increased, so 
that even if the light level is in the order of level 3 it can be 
detected as light in the order of level 3*. 
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If the input light comes to contain a signal while the 
optical amplifier is in the shutdown state, the input light 
level increases from level 4* to level 3'. In other words, when 
the input light level rises above a threshold level, the control 
circuit 19 judges that the signal light that is input includes a 
signal to be transmitted. In this case, the voltage applied to 
the \i terminal becomes larger than the reference voltage 
applied to Vc, and the output of the comparator 36 becomes 
''H'*. As a result, the output voltage firom the buffer 31 is 
applied to the M tenninal of the oomparator 36 after being 
amplified by the amplifier 32 (gain Gl), and that amplified 
volUge is compared to the reference volUge VI. In addition, 
when the output of the comparator 36 becomes "H", the 
switch 41 switches ON, the laser light source 13 is driven by 
the laser drive circuit 40, and the laser light source 13 
outputs excitation light. Then the rare earth-doped optical 
fibers U and 12 go into the excited state, and the light that 
passes through them becomes amplified. 

FIG. 9 and FIG. 10 are diagrams showing variations of the 
configuration of the optical amplifier of this embodiment. In 
FIG. 9 and FIG. 10, the same numbered symbols have the 
same fiinctions as described with reference to FIG. 2. In 
FIG. 9 and FIG. 10, the symbols showing where optical 
fibers are fused together are omitted. 

When the optical amplifier shown in FIG. 9 is compared 
with the configuration shown in FIG. 2, the positions of the 
device that supplies excitation light (the laser light source 13 
and the optical coupler 14) and the device that monitors the 
output light (the splitter 17 and the photodiode 18) have been 
interchanged. 

In the configuration shown in FIG. 10, the device that 
supplies excitation light (the laser light source 13 and the 
optical coupler 14) is located on the input side of the rare 
earth-doped optical fiber 11. That is to say, the optical 
amplifiers shown in FIG. 2 and FIG. 9 are configured so that 
excitation light is suppHed from the output sides of the rare 
earth-doped optical fibers 11 and 12 (backward excitation), 
but the optical amplifier shown in FIG. 10 i& configured so 
that excitation light is supplied firom the input sides of the 
rare earth-doped optical fibers 11 and 12 (forward 
excitation). 

FIG. U is a diagram showing another variation of the 
configuration of the optical amplifier of this embodiment. In 
FIG. U, the same numbered symbols have the same func- 
tions as described with reference to FIG. 2. In the optical 
amplifier shown in FIG. 11 the laser light source 52 supplies 
excitation light to the optical fiber 51 via the optical coupler 
53, and the laser light source 54 supplies excitation light to 
the rare earth-doped optical fiber 12 via the optical coupler 
55. The optical fiber 51 may be the same as the rare 
earth-doped optical fiber U. The control circuit 56 performs 
basically the same control as the control circuit 19 shown in 
FIG. 2. That is to say, the control circuit 56 determines the 
input light level from the electrical signal output by the 
photodiode 16, and the output light level firom the electrical 
signal output by the photodiode 18. When the input light 
level becomes lower than the threshold level referred to 
above, the control circuit 56 applies control so that light is 
not output firom the laser light sources 52 and 54. The control 
circuit 56 holds the output light level fixed, for example by 
means of an ALC (Automatic Level CbntroQ function. The 
optical amplifier shown in FIG. 11 has an optical isolator 21c 
between the optical fiber 51 and the rare earth-doped optical 
fiber 12. 

When the input light does not contain a signal, it is 
suflScient to stop light emission from only the laser light 
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source 54 while the laser light source 52 continues to emit 
light. In this kind of configuration, the power consumption 
is greater than in a configuration in which both of the laser 
ligjt sources 52 and 54 stop emitting light, but this is 
5 advantageous firom the point of view of monitoring sensi- 
tivity because light that is input into the optical fiber 51 
during the shutdown state is not attenuated. 

FIG. 12 is a diagram showing a variation of the configu- 
ration of the optical amplifier shown in FIG. 11. The optical 
amplifier shown in FIG. 12 has a backward excitation 
configuration in which excitation light is supplied firom the 
output side of the rare earth-doped optical fiber 12. 

FIG. 13 is a diagram of stHl another variation of the 
configuration of the optical amplifier of this embodiment. 
The optical amplifier shown in FIG. 13 has a dispersion 
compensation optical fiber 61 between the rare earth-doped 
optical fiber U and the rare earth-doped optical fiber 12 
shown in FIG. 2 (between the optical fiber 51 and the rare 
earth-doped optical fiber 12 shown in FIG. U). In FIG. 13, 
the control circuit is omitted. 

The dispersion oonipensation optical fiber 61 is installed 
on the transmission path inside the optical amplifier by 
means of the connectors 62a and 62b. In this kind of 
configuration, a number of optical fibers having different 
^ dispersion compensation values are provided, and an appro- 
priate dispersion compensation optical fiber can be selected 
and connected according to the transmission path on the 
input side of the optical amplifier. The dispersion compen- 
sation optical fiber 61 produces a nonlinear effect depending 
^ on the light input level. Consequently, the light input level 
to the dispersion compensation optical fiber 61 can be 
adjusted to have an optimum value, for example, by con- 
trolling the light power emitted from the laser lig^t source 
52. : 
35 FIG. 14 is a diagram of a variation of the configuration of 
the optical amplifier shown in FIG. 13. The optical amplifier 
shown in FIG. 14 has a configuration in whic^, in the optical 
amplifier shown in FIG. 13, another rare earth-doped optical 
fiber 63 is installed between the rare earth-doped optical 
fiber 11 and the dispersion compensation optical fiber 61. 
The control circuit 66 drives the laser ligjit source 64 so that 
the input level to the dispersion compensation optical fiber 
61 is the optimum level fi)r di^rsion compensation, thus 
applying control so that the ou^t I^ht levd firom the rare 
45 earth-doped optical fiber 63 is held fixed. The ou^ut ficom 
the laser light source 64 is guided by the optical coupler 65 
and supplied as excitation light to the rare earth-doped 
optical fibers 63 and 11. 

FIGS. 15 to 17 are diagrams of still further variations of 
50 the configuration of the optical amplifier of this embodi- 
ment. These optical amplifiers are configured so that the 
optical isolator on the input side of the rare earth-doped 
optical fiber 11 (for example, the optical isolator 21a in FIG. 
2) can be eliminated by using coimectors having low reflec- 
55 tion as the input side connectors. Note that this optical 
isolator 21a is installed between the rare earth-doped optical 
fiber 11 and the rare earth-doped optical fiber 12. 

In FIGS. 15 to 17, the connector 71 is a low-reflection 
connector that connects the input side optical transmission 
60 path to the optical amplifier. The amount of reflection in the 
connector generally depends on the cross-sectional shapes of 
the ends of the optical fibers contained in that connector. It 
is known that, for example, that a spherical polished shape 
and a diagonal polished convex spherical shape are cross- 
es sections which produce low reflection. 

Thus, in a configuration in which the optical isolator is 
removed firom the input side of the rare earth-doped optical 



